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SaponinIndigenous leafy vegetables possess high horticultural potential based on their long utilisation history by local
communities across Africa. Phytochemical and antioxidant properties of 50% aqueous methanol and water ex-
tracts of three indigenous as well as two commercial leafy vegetables commonly consumed in southern Africa
were evaluated. The total extractable phenolic content was highest for Amarathus dubius (5.16±0.12 mg GAE/g
DW) followed by Cleome gynandra (3.94±0.09 mg GAE/g DW). Total ﬂavonoid concentration was highest for
A. dubius (3.89±0.28 mg CE/g DW) followed by C. gynandra (2.19±0.11 mg CE/g DW) and Cucurbita maxima
(1.55±0.04 mgCE/gDW). No proanthocyanidinswere detected in C.maxima and Brassica napus cv Covowhereas
low concentrations were recorded in other vegetables. Total saponins were variable across the evaluated extracts,
with the highest concentrations recorded for B. napus cv Covo (83.2±16.58 mg DE/g DW). Total iridoid content
was highest for C. gynandra (9.14±0.20 mg HE/g DW). More potent DPPH radical scavenging activities were
exhibited by 50% aqueous methanol extracts compared to water extracts. A similar trend was observed in the
ferric-reducing antioxidant power assay. The antioxidant activity based on the rate of β-carotene bleaching was
higher for water extracts compared to 50% aqueous methanol extracts. The indigenous vegetables evaluated in
this study had higher levels of phytochemicals and also exhibited more potent antioxidant activity compared to
the commercial varieties. Theseﬁndings not only suggest the importance of the indigenous vegetables in a healthy
diet, but also provide a motivation for exploring their horticultural potential.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The consumption of plant products is a fundamental requirement
for human well-being, and leafy vegetables play a crucial nutritive
role in this regard, especially for rural populations. Sub-Saharan Afri-
ca has probably one of the highest levels of malnutrition in the world,
particularly among rural children below ﬁve years of age (Uusiku et
al., 2010). The staple food in this region is primarily based on a cereal
diet, which is generally low in micronutrients (Stangeland et al.,
2009) and phytochemicals. The daily requirements for bio-available
micronutrients and phytochemicals are obtained through the consump-
tion of indigenous leafy vegetables (Uusiku et al., 2010), which are
usually abundant during the rainy season. The consumption of leafy
vegetables plays a key role in maintaining a balanced diet and helps to
avert the chronic effects of malnutrition. Epidemiological studies indi-
cate that a high intake of plant products in the diet is associated with
a reduced risk of a number of chronic health conditions such as cancer,
neurodegenerative and cardiovascular diseases (Yahia, 2010).
The beneﬁcial effects of plant products, especially vegetables, are
partially attributed to the biological activities of their phytochemical
constituents such as phenolic compounds, proanthocyanidins, vitamins,+27 33 260 5897.
by Elsevier B.V. All rights reservedcarotenoids, ﬂavonoids, saponins and iridoids (Dinda et al., 2007a,
2007b; Francis et al., 2002; Podsędek, 2007). These phytochemicals
are responsible for a multitude of biological effects, including antiox-
idant, anti-inﬂammatory, antimicrobial and anti-cancer activities. In
particular, phenolic compounds have become biomarkers of nutri-
tional quality of food because of their antioxidant activity (Mertz et al.,
2009). The antioxidant activity of phenolic compounds is attributed to
their strong chain-breaking and free radical scavenging capacity, thereby
providing protection against reactive oxygen species (Podsędek, 2007).
The overproduction of reactive oxygen species (ROS) can cause tissue in-
jury and oxidative damage to nucleic acids and proteins (Middleton et
al., 2008).
Indigenous leafy vegetables may be a rich source of phenolic com-
pounds and other phytochemicals that contribute to the antioxidant ac-
tivity in the diet (Uusiku et al., 2010), thus providing strong protective
effects against major diseases associated with oxidative damage (Kaur
and Kapoor, 2002). However, despite their common utilisation through-
out Africa, the wide selection of available indigenous leafy vegetables ei-
ther grows in the wild or is semi-cultivated (Van Rensburg et al., 2004;
Shakirin et al., 2010). In spite of their long history of consumption by
local communities, thehorticultural potential of indigenous leafy vegeta-
bles has neither been fully investigated nor developed (Odhav et al.,
2007). Hence there is an urgent need for scientiﬁc investigations and
documentation of their phytochemical and nutritive values. In particular,.
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bioactive phytochemicals from indigenous vegetables, especially in de-
veloping countries (Hervert-Hernández et al., 2011). Some of the most
common indigenous leafy vegetables include Amaranthus species,
Cleome gynandra and members of the Cucurbitaceae family such as
Cucurbitamaxima (VanRensburg et al., 2004). The purpose of the present
study was to evaluate the total phenolic, ﬂavonoid, proanthocyanidin,
gallotannin, free gallic acid, saponin and iridoid contents as well as
the antioxidant properties of three indigenous (Amaranthus dubius,
C. gynandra and C. maxima) and two commercial leafy vegetables
(Brassica napus cv English Giant and B. napus cv Covo) that are con-
sumed in southern Africa.
2. Materials and methods
2.1. Chemicals
Folin & Ciocalteu phenol reagent, gallic acid (3,4,5-trihydroxibenzoic
acid), vanillin (4-hydroxyl-3 methoxybenzaldehyde), catechin, 2,2-
diphenyl-1-picryl hydrazyl (DPPH), rhodanine, β-carotene, and
diosgeninwere obtained fromSigma-AldrichCo. (Steinheim, Germany);
ferric ammonium sulphate, sodium nitrite, sodium hydroxide, alumini-
um chloride, sodium hydrogen carbonate, butylated hydroxytoluene
(BHT), and potassium ferricyanide from BDH Chemicals Ltd (Poole,
England); harpagoside from Extrasynthèse (Genay, France); trichloro-
acetic acid, ascorbic acid, polyoxyethylene sorbitan monolaurate (Tween
20), ferric chloride, chloroform, n-butanol and methanol from Merck
KGaA (Darmstadt, Germany). All chemicals used in the assays were of
analytical grade.
2.2. Sample preparation
B. napus cv English Giant and B. napus cv Covo seeds were
obtained from Prime Seeds Co. (Zimbabwe), A. dubius from Safﬁre
(Zimbabwe) and C. gynandra and C. maxima from smallholder farmers
in Zimbabwe. All the leafy vegetables were grown in 5 L plastic pots
(250 mm wide×210 mm high) under controlled conditions in a soil
mixture consisting of compost, bark, limestone ammonium nitrate
(LAN), and NPK (2:3:2 (22)) fertilizer in the ratio 15:3:0.5:0.5 (v/v) in
a greenhouse at the University of KwaZulu-Natal (UKZN) Botanical Gar-
dens, Pietermaritzburg, South Africa. After two weeks, the seedlings
were thinned to one seedling per pot (n=20). The greenhouse condi-
tions were maintained at a temperature of 25±2 °C and mid-day pho-
tosynthetic photon ﬂux density of 950±50 μmol m−2 s−1. The
vegetables were watered regularly to ﬁeld capacity at 5-day intervals.
All the leaves of the different vegetable species were harvested from
all the replicates at their respective maturity stages, mixed together
and oven-dried at 50 °C for 3 days. The plants were identiﬁed and
voucher specimens were deposited in the Bews Herbarium at UKZN,Table 1
Phytochemical composition of aqueous methanolic extracts of some unconventional and co
Type of leafy
vegetable
Plant family/
(Voucher No.)
Phytochemical constituents
Total phenolic
content (mg GAE/g)
Total ﬂavonoids
(mg catechin/g)
Free gall
(mg GAE
A. dubius Amaranthaceae
(Moyo 03 NU)
5.16±0.12e 3.89±0.28d 0.00±0.
C. maxima Cucurbitaceae
(Moyo 04 NU)
2.68±0.03a 1.55±0.04b 1.87±0.
C. gynandra Capparaceae
(Moyo 05 NU)
3.94±0.09d 2.19±0.11c 1.40±1.
B. napus cv
English Giant
Brassicaceae
(Moyo 06 NU)
3.58±0.08c 0.78±1.52a 0.90±0.
B. napus cv
Covo
Brassicaceae
(Moyo 07 NU)
3.19±0.10b 1.00±0.06a 0.00±0.
Data represent mean (±SE) of three separate measurements.
Different letters in the same column represent signiﬁcantly different values (P≤0.05) as sePietermaritzburg (Table 1). The dried materials were ground into ho-
mogenized powder samples using an IKA® A11 Analytical Mill (USA).
The homogenized powder samples (2 g) were extracted with 10 ml
of 50% aqueous methanol in a sonication bath (Branson model 5210,
Branson Ultrasonics B.V., Soest, Netherlands) containing ice-cold
water for 20 min. The extracts were ﬁltered under vacuum through
Whatman No. 1 ﬁlter paper. The ﬁltrates were immediately used for
the determination of total phenolics, ﬂavonoids, hydrolysable tannins
(gallotannins), proanthocyanidins (condensed tannins) and total
iridoid content.
The dried leaf samples used for antioxidant assays were ground into
ﬁne powders, extractedwith distilled water and 50% aqueousmethanol
in a sonication bath for 20 min (1.0 g sample/20 ml of extraction sol-
vent), concentrated in a rotary vacuumevaporator (Büchi, Switzerland)
at a temperature of 30 °C and transferred to sample bottles. The concen-
trated extracts were then dried to a constant weight under a stream of
cold air at room temperature (22 °C) and kept in the dark at 10 °C until
used in the assays. The dried extracts were re-dissolved in 50% aqueous
methanol to known concentrations and immediately used for the deter-
mination of antioxidant capacities.
Dried leaf extracts (5 g) for the determination of total saponinswere
defatted in hexane (180 ml) on a Soxhlet apparatus for 3 h as described
by Makkar et al. (2007). The defatted samples were extracted in 50%
aqueous methanol (50 ml) for 12 h on a magnetic stirrer at room
temperature, and subsequently, centrifuged at 3000 g for 10 min to col-
lect the respective supernatants. The extraction was repeated and the
two supernatant volumes were combined and ﬁltered under vacuum
through Whatman No. 1 ﬁlter paper. Methanol from the solution was
evaporatedunder nitrogen and the aqueous phasewas then centrifuged
at 3000 g for 10 min to remove water insoluble impurities. The resul-
tant aqueous phase was extracted three times with an equal volume
of chloroform to remove pigments, after which concentrated saponins
were extracted twicewith an equal volume of n-butanol. The dried frac-
tion containing saponins was obtained by evaporating n-butanol under
a stream of cold air. The dried fraction was then dissolved in 5 ml of
distilled water, freeze-dried and used immediately in the assays.2.3. Total phenolic content
The Folin & Ciocalteu assay (Singleton and Rossi, 1965) was used
for the quantiﬁcation of total phenolic compounds using gallic acid
as a standard. The reaction mixtures were incubated at room temper-
ature for 40 min. Absorbance at 725 nm was read using a Cary 50
UV–visible spectrophotometer (Varian, Australia). A blank containing
50% aqueous methanol was used. The assay was done in triplicate. A
standard curve of gallic acid (0.1 mg/ml) was used to calculate the con-
centration of phenolic compounds in mg gallic acid equivalents (GAE)
per g of dry weight (DW).mmercial leafy vegetables.
ic acid
/g)
Gallotannins
(mg GAE/g)
Proanthocyanidins
(%)
Total saponins
(mg DE/g)
Total iridoid
content (mg HE/g)
00a 0.00±0.00a 0.07±0.001c 54.22±2.59b 6.93±0.11b
32a 6.41±0.27b 0.00±0.00a 47.41±5.83ab 4.73±0.26a
40a 12.45±1.13d 0.024±0.001b 24.57±3.81a 9.14±0.20c
61a 9.33±0.26c 0.028±0.003b 37.75±2.07ab 7.30±0.19b
00a 6.37±0.60b 0.00±0.00a 83.27±16.58c 4.52±0.32a
parated by Duncan Multiple Range Test.
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Total ﬂavonoid contentwasmeasured using the aluminium chloride
(AlCl3) colorimetric method as described by Zhishen et al. (1999).
Absorbance at 510 nmwas readusing a Cary 50UV–Visible spectropho-
tometer against a blank that contained 50% aqueousmethanol. Suitable
aliquots of catechin (0.1 mg/ml) were used to derive the standard cali-
bration curve. The samples were analysed in triplicate, and total ﬂavo-
noid content was expressed as mg catechin equivalents (CE) per g DW.
2.5. Rhodanine assay for determination of gallotannins
The rhodanine assay (Inoue and Hagerman, 1988; Makkar, 2000)
was used for the determination of gallotannins in the vegetable ex-
tracts. A two-step procedure involving the determination of free gallic
acid and hydrolysable gallic acid present in gallotannins was used.
2.5.1. Determination of free gallic acid content
For the quantiﬁcation of free gallic acid, sample extracts were
dried under nitrogen. A blank for each sample that contained metha-
nol instead of rhodanine was prepared. The reaction mixtures were in-
cubated at room temperature for 15 min and absorbance at 520 nm
was read using a Cary 50 UV–visible spectrophotometer. Gallic acid
(0.1 mg/ml in 0.2 N sulphuric acid) was used for the standard calibra-
tion curve. The concentration of free gallic acid was expressed as mg
GAE per g DW.
2.5.2. Determination of gallotannin content
Extracts (3.34 ml) were dried under nitrogen and re-dissolved
in 1.0 ml of distilled water as described by Makkar (2000). A blank
containing methanol instead of rhodanine for each sample extract was
used. Absorbance at 520 nm was measured following incubation for
10 min at room temperature. Gallic acid (0.1 mg/ml in 0.2 N sulphuric
acid) was used to obtain the calibration curve for the quantiﬁcation of
total free gallic acid. The concentration of gallotannins expressed as
mg GAE per g DW was obtained by subtracting free gallic acid content
from the total free gallic acid after hydrolysis.
2.6. Proanthocyanidin content
The proanthocyanidin content was determined using the butanol–
HCl assay as described by Makkar (2000) with modiﬁcations. Butanol–
HCl reagent (3 ml; 95:5 v/v)was added to the extract (0.5 ml) followed
by ferric reagent (0.1 ml; 2% ferric ammonium sulphate in 2 N HCl),
mixed thoroughly and incubated in a boiling water bath for 1 h. After
the incubation period, absorbance at 550 nm was read using a Cary 50
UV–Visible spectrophotometer. A blank for each extract contained the
sample, butanol–HCl reagent and ferric reagent, but without heating.
The assaywas done in triplicate. The concentration of proanthocyanidins
(%) was expressed as leucocyanidin equivalents using the formula de-
scribed by Porter et al. (1986) as follows:
Proanthocyanidins %ð Þ ¼ A550  78:26 dilution factorð Þ
where A550 is the absorbance at 550 nm and the dilution factor was 1.0
for all the extracts. The formula assumes the effective Ε1%, 1 cm, 550 nm of
leucocyanidin to be 460.
2.7. Total saponin content
Total saponin content was determined as described by Makkar et
al. (2007). A known quantity of freeze-dried extract was dissolved
in aqueous 50% methanol and a suitable aliquot (5 mg/ml) was taken.
Vanillin reagent (0.25 ml; 8%) was added followed by sulphuric acid
(2.5 ml; 72% v/v). The reaction mixtures were mixed well and incubat-
ed at 60 °C in a water bath for 10 min. After incubation, the reactionmixtures were cooled on ice and absorbance at 544 nm (Cary 50
UV–visible spectrophotometer) was read against a blank that did not
contain vegetable extracts. The standard calibration curve was obtained
from suitable aliquots of diosgenin (0.5 mg/ml in 50% aqueous metha-
nol). The total saponin concentration was expressed as mg diosgenin
equivalents (DE) per g DW.
2.8. Total iridoid content
The method described by Levieille and Wilson (2002) was used to
determine the total iridoid content of the plant samples. The standard
curve calibration was prepared using analytical grade harpagoside.
The determination was done in triplicate and the total iridoid content
expressed in mg harpagoside equivalents (HE) per g DW.
2.9. Antioxidant properties
2.9.1. DPPH radical scavenging activity
The DPPH assay for the determination of free radical scavenging ac-
tivitywas done as outlined byMoyo et al. (2010). Dried sample extracts
were re-dissolved in 50% aqueous methanol to known concentrations
starting with the highest concentration of 50 mg/ml. A DPPH concen-
tration of 50 μM in the ﬁnal reaction was used. Decrease in the purple
colouration of the reaction mixtures was read at 517 nm in a Cary 50
UV–visible spectrophotometer. Ascorbic acid was used as a standard
antioxidant. The assay was done in triplicate. The free radical scaveng-
ing activity (RSA) was calculated according to the formula:
% RSA ¼ 100 1−AE=ADð Þ
where AE is the absorbance of the reactionmixture containing the sam-
ple extract or standard antioxidant, and AD is the absorbance of the
negative control. The EC50 values were calculated from the normalized
logarithmic regression curve derived from the plot data. The DPPH anti-
oxidant activity was further expressed as the antioxidant activity
index (AAI) using the formula described by Scherer and Godoy (2009)
as follows:
AAI ¼ Final DPPH concentration
EC50
2.9.2. Ferric-reducing antioxidant power assay
The ferric reducing powers of the vegetable extracts were deter-
mined based on the ferric reducing ability of plasma assay (Benzie and
Strain, 1996) with modiﬁcations (Lim et al., 2009). Dried plant extracts
and BHTwere re-dissolved in 50% aqueousmethanol at 6.25 mg/ml and
serially diluted in a 96-well microtitre plate in triplicate. Absorbance
at 630 nm was read using a microplate reader (Opsys MR™, Dynex
Technologies Inc.).
2.9.3. β-Carotene-linoleic acid model system
The coupled inhibition of β-carotene and linoleic acid oxidationwas
measured as described by Moyo et al. (2010). Dried plant extracts and
BHT (positive control) were re-dissolved in 50% aqueous methanol to
a concentration of 6.25 mg/ml. Initial absorbance at 470 nm (t=0)
was measured immediately after adding the sample extract or BHT.
Subsequent absorbance readings were taken at 30-min intervals for
2 h, with incubation at 50 °C in a water bath. The rate of β-carotene
bleaching, % ANT, ORR and % AA were calculated.
2.10. Statistical analysis
All assays were done in triplicate, and the results reported as
mean±standard error of the mean (SE). One-way analysis of vari-
ance (ANOVA) was used to ﬁnd differences among treatments and
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(P=0.05). Data computations were done using SPSS for Windows
(version 15.0, SPSS®, Chicago, USA). Regression analyses and calcula-
tion of EC50 values were done using GraphPad Prism version 4.00 for
Windows (GraphPad Software Inc., USA).
3. Results and discussion
3.1. Phytochemical composition
The phytochemical compositions of aqueous methanol extracts of
the leafy vegetables are presented in Table 1. Two groups of poly-
phenols, extractable and non-extractable phenolic compounds, which
are categorised on the basis of their solubility properties in aqueous
organic solvents, were assayed. Extractable phenolic compounds,which
constitute a complex mixture of soluble low molecular weight com-
pounds (Hervert-Hernández et al., 2011) were assayed using the
Folin-C method. The non-extractable constituents which comprise in-
soluble polymeric phenolic compounds, mainly proanthocynidins and
hydrolysable tannins, require acidic hydrolysis at high temperatures
(Hervert-Hernández et al., 2011). The total extractable phenolic content
was highest for the indigenous vegetables, A. dubius (5.16±0.12 mg
GAE/g DW) followed by C. gynandra (3.94±0.09 mg GAE/g DW).
C. maxima, another indigenous vegetable, had the lowest phenolic
compound concentration (2.68±0.03 mg GAE/g DW). Comparatively,
B. napus cv English Giant (3.58±0.08 mg GAE/g DW) and B. napus cv
Covo (3.19±0.10 mgGAE/g DW)hadmoderate levels of phenolic com-
pounds. Although phenolic compounds are a diverse and ubiquitous
group of secondary metabolites in the plant kingdom, their distribution
and concentration varies across and within species (Robards et al.,
1999).
Similar to the trend in total phenolic content, the concentration of
total ﬂavonoids was highest for A. dubius (3.89±0.28 mg CE/g DW)
followed by C. gynandra (2.19±0.11 mg CE/g DW), C. maxima (1.55±
0.04 mg CE/g DW), B. napus cv Covo (1.00±0.06 mg CE/g DW) and
B. napus cv English Giant (0.78±1.52 mg CE/g DW). Flavonoids are
also ubiquitous in plants and are known to possess several biological
effects such as anti-inﬂammatory, antioxidant, and anticarcinogenic ac-
tivities (Middleton et al., 2008). When consumed on a regular basis,
these vegetables, especially A. dubius and C. gynandra, may contribute
signiﬁcant amounts of ﬂavonoids in the local diets. Generous intake of
ﬂavonoids has been correlated with health beneﬁts associatedwith car-
diovascular conditions (Andarwulan et al., 2010).
The levels of gallotannins were variable across the tested vegetables,
and the highest concentration was obtained in C. gynandra (12.45±
1.13 mg GAE/g) followed by B. napus cv English Giant (9.33±0.26 mg
GAE/g). With the exception of A. dubius, where gallotannins were not
detected, the concentration of hydrolysable polyphenolswas higher com-
pared to extractable phenolic compounds. The level of proanthocyanidins
was low for all the aqueous methanolic extracts (Table 1). In a study of
rural Mexican vegetables, Hervert-Hernández et al. (2011) reported
that hydrolysable polyphenols contributed a higher quantitative fraction
to the overall phenolic compounds. Though contributing beneﬁcially to
the dietary constituents, proanthocyanidins are also known to form insol-
uble complexes with proteins, thus affecting the biological activities of
some enzymes. Proanthocyanidins, which constitute oligomeric and
polymeric ﬂavan-3-ols, are rarely detected in the majority of vegetables
(Andrés-Lacueva et al., 2010). In the present study, either none or negli-
gible amounts of proanthocyanidins were detected in the vegetable
extracts (Table 1). According to Hervert-Hernández et al. (2011), the im-
portance of non-extractable phenolic compounds is often ignored leading
to incomplete data on their intake in the human diet.
The levels of total saponins were variable across the evaluated ex-
tracts, with the highest concentrations recorded in B. napus cv Covo
(83.2±16.58 mg DE/g DW) followed by A. dubius (54.22±2.59 mg
DE/g DW), and lowest for C. gynandra (24.57±3.81 mg DE/g DW)(Table 1). Saponins are amphiphilic compounds that consist of a sugar
moiety (pentoses, hexoses or uronic acids), glycosidically linked to a
hydrophobic aglycone (sapogenin)whichmay be triterpenoid or steroid
in nature (Francis et al., 2002; Oakenfull, 1981). The presence of sapo-
nins has recently been found to exhibit biological and pharmacological
effects, such as antifungal, antibacterial and anti-inﬂammatory (Afrose
et al., 2009) as well as immunostimulatory (Francis et al., 2002) activi-
ties. However, much attention on saponin-containing plants has been
triggered by their ability to lower serum cholesterol levels in a variety
of animals including humans (Francis et al., 2002). Thus, increased
consumption of dietary saponins may reduce the harmful low density
lipoprotein (LDL)-cholesterol in the body and improve the immune-
stimulating antibodies.
The results for the total iridoid content (mgHE/gDW) are presented
in Table 1. C. gynandra (9.14±0.20 mg HE/g DW) had the highest con-
centration of total iridoid content, followed by B. napus cv English Giant
(7.30±0.19 mg HE/g DW) and A. dubius (6.93±0.11 mg HE/g DW).
Iridoids have been reported to induce a range of biological activities,
including cardiovascular, anti-inﬂammatory and immunomodulatory
effects (Dinda et al., 2007a). Generally, the indigenous vegetables,
A. dubius, C. gynandra and C. maxima, had high concentrations of pheno-
lic compounds, ﬂavonoids, saponins and iridoids. The vegetables tested
in this study exhibited varying phytochemical proﬁles, hence, in order
to derive the optimum associated health beneﬁts; their dietary intake
should also be variable and diverse.3.2. Antioxidant properties
The DPPH radical scavenging activities of water and methanolic
extracts are presented in Table 2 and Fig. 1. The ability of both water
and 50% methanol extracts to quench the DPPH radical was relatively
weak in all species (ranging from 3.2±0.97 to 23.8±2.75%) compared
to ascorbic acid (96.1±0.09%) at a ﬁnal assay concentration of
62.5 μg/ml. However, there was a dose-dependent increase in DPPH
radical scavenging capacity (Fig. 1). The most potent activity was
observed for 50% aqueous methanol extracts of C. gynandra (93.2±
4.88%) and A. dubius (90.0±0.38%) at a ﬁnal concentration of
500 μg/ml (Table 2). Amaranthus species are one of the many indige-
nous vegetables that have been reported to be rich in antioxidant
constituents (Ozsoy et al., 2009). Generally, a more potent radical
scavenging capacity was exhibited by 50% aqueous methanol extracts
(ranging from 53.8±9.98 to 93.2±4.88%) compared to water extracts
(ranging from 39.2±2.15 to 68.7±1.8%) at the ﬁnal assay concentra-
tion of 500 μg/ml. Signiﬁcantly higher activity (Pb0.05) was recorded
for aqueousmethanol compared towater extracts for all the tested veg-
etables with the exception of C. maxima and B. napus cv English Giant
in which the two respective extracts were not signiﬁcantly different
(Table 2). The DPPH radical scavenging activity was further expressed
as the effective concentration (EC50) at which antioxidant activity
was 50%. The lowest EC50 values for the vegetables were recorded
for 50% aqueous methanol extracts of C. maxima (100.0±39.66 μg/ml),
A. dubius (103.3±3.34 μg/ml) and C. gynandra (106.3±14.48 μg/ml).
Water extracts had higher EC50 values compared to methanol extracts,
suggesting that the latter is a better solvent for the extraction of antiox-
idant compounds. Similarly, Ozsoy et al. (2009) reported lower EC50
values for methanol extracts compared to water extracts in Amaranthus
lividus. In the present study, the antioxidant activities (based on the EC50
values) of the vegetable extracts were signiﬁcantly lower (Pb0.05) than
BHT (2.61±0.06 μg/ml) and ascorbic acid (3.37±0.10 μg/ml). Recently,
Scherer and Godoy (2009) suggested use of the antioxidant activity
index (AAI) to facilitate comparison of DPPH assay results between
plant extracts and pure compounds, and between different laboratories.
The positive controls, BHT and ascorbic acid, exhibited the highest activ-
ities compared to the vegetable extracts as measured by the AAI
(Table 2).
Table 2
DPPH radical scavenging activity of water and 50% methanolic extracts of some unconventional and commercial leafy vegetables.
Extraction solvent Type of vegetable % RSA1 EC50 (μg/ml) R2 value AAI2
62.5 μg/ml 250 μg/ml 500 μg/ml
Water A. dubius 9.6±0.62ab 17.6±0.81a 39.2±2.15a 177.8±6.91d 0.889 0.11±0.004a
C. maxima 16.1±1.87abc 22.7±0.80b 58.4±1.13cd 194.0±12.04de 0.873 0.10±0.006a
C. gynandra 12.3±0.36abc 19.2±0.49ab 43.4±1.33ab 160.0±4.28cd 0.892 0.12±0.003a
B. napus cv English Giant 4.3±2.01a 31.1±2.01c 68.7±1.80d 252.1±2.71f 0.988 0.07±0.000a
B. napus cv Covo 13.9±1.65abc 27.9±0.13c 66.9±1.44d 230.9±25.88ef 0.908 0.08±0.011a
50% methanol A. dubius 14.8±8.98abc 75.4±1.90e 90.0±0.38e 103.3±3.34 b 0.995 0.19±0.006a
C. maxima 19.1±9.76bc 43.4±1.33d 53.8±9.98bc 100.0±39.66b 0.829 0.26±0.090a
C. gynandra 23.8±2.75c 78.5±2.50e 93.2±4.88e 106.3±14.48 b 0.987 0.19±0.030a
B. napus cv English Giant 15.0±3.82abc 44.8±2.40d 61.0±0.97cd 130.2±12.58bc 0.976 0.15±0.016a
B. napus cv Covo 3.2±0.97a 28.7±2.32c 81.6±2.56e 256.2±0.77f 0.993 0.07±0.000a
Controls BHT 94.5±0.06d 94.4±0.01f ND 2.61±0.06 a 0.970 7.56±0.189c
Ascorbic acid 96.1±0.09d 96.2±0.08f ND 3.37±0.10 a 0.999 5.84±0.179b
Mean values (±SE) with the same letters are not signiﬁcantly different (p≤0.05).
ND denotes not determined.
The R2 value represents the goodness of ﬁt of the curve in the determination of EC50 values.
1 RSA stands for radical scavenging activity.
2 AAI denotes antioxidant activity index.
69M. Moyo et al. / South African Journal of Botany 84 (2013) 65–71The ferric-reducing antioxidant power assay was further used to
evaluate the antioxidant potential of water and aqueous methanolic
vegetable extracts on their ability to reduce the Fe3+/ferricyanide com-
plex to the ferrous (Fe2+) form. The chemical mechanism is based on
the electron-transfer reactions, in which potassium ferricyanide (ferric
salt) is the oxidant (Huang et al., 2005) and antioxidant compounds
act as reducing agents by donating a hydrogen atom to this ferric
complex, thereby breaking the radical chain reaction (Shakirin et al.,
2010). Fig. 2 presents the dose-dependent ferric-reducing powers of0.0 0.5 1.0 1.5
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Fig 1. Dose-dependent DPPH free radical scavenging activity (%) of (A) water and (B) 50% m
means±SE (n=3).the sample extracts and BHT (positive control). Aqueousmethanolic ex-
tracts had greater ferric-reducing powers than water extracts as indi-
cated by their respective steeper slopes. Aqueous methanol extracts of
A. dubius demonstrated the highest reducing power among the vegeta-
ble samples. However, the positive control (BHT)wasmore active com-
pared to the vegetable extracts.
The antioxidant activities of water and methanol extracts of the
vegetables as measured by the coupled oxidation of β-carotene and
linoleic acid are presented in Table 3. The assay measures the ability2.0 2.5 3.0
A. dubius
C. maxima
C. gynandra
B. napus cv English Giant
B. napus cv Covo
Ascorbic Acid
/ml)]
.0 2.5 3.0
/ml)]
ethanol extracts of unconventional and commercial leafy vegetables. Values represent
70 M. Moyo et al. / South African Journal of Botany 84 (2013) 65–71of an extract to inhibit the oxidation of linoleic acid in an aqueous emul-
sion system with β-carotene. The mechanism involves the bleaching
of carotenoids such as β-carotene in a heat-induced oxidation process,
and the resultant discolouration being inhibited by antioxidants that
donate hydrogen atoms to quench radicals (Huang et al., 2005). Antiox-
idant activity (ANT), calculated on the basis of the rate of β-carotene
bleaching,was higher forwater extracts compared to aqueousmethanol
extracts. For example, the ANT (%) of A. dubius was 64.6±2.72% for
water and 44.5±1.99% for aqueous methanol extracts. A similar trend
was also observed for C. maxima, C. gynandra and the two B. napus culti-
vars. Based on the oxidation rate ratio (ORR), water extracts of A. dubius
(0.35±0.02), C. maxima (0.47±0.04) and B. napus cv Covo (0.49±
0.07) exhibited the most potent bioactivities representing the highest
inhibition against linoleic acid oxidation. Antioxidant activity (AA)
at t=60 min ranged from 13.8% to 45.6% (water extracts) and 0.0%
to 23.0% (aqueous methanol extracts). The water extracts of A. dubius
inhibited linoleic acid oxidation to the greatest extent, whereas
B. napus aqueous methanol extracts were the least effective. All extracts
were not effective in preventing the oxidation of linoleic acid after
120 min (data not shown).
As proposed by Becker et al. (2004), the evaluation of antioxidant ac-
tivity was done using a three-step procedure to reﬂect the possible
multifunctional properties of the various antioxidant constituents. In
the present study, water extracts exhibited better antioxidant activity
when evaluated in the β-carotene–linoliec acid model system compared0.0 0.1 0.2 0.3 0.4 0.5
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Fig. 2. Dose-dependent ferric reducing power of (A) water and (B) 50% methanol extracts ofto 50% aqueous methanol extracts. On the other hand, 50% aqueous
methanol extracts had more activity compared to water extracts in the
DPPH radical scavenging and ferric-reducing antioxidant power assays.
The results suggest that different phytochemical constituents are involved
in the induction of antioxidant activity.
4. Conclusions
The leafy vegetables evaluated in this study had varied levels and
concentrations of phytochemical constituents which may be essential
for good human health. The vegetable extracts exhibited varied antiox-
idant activities as evaluated in the three-step model depending on the
extraction solvent. The indigenous leafy vegetables evaluated in this
study had higher levels of phytochemicals and better antioxidant activ-
ities compared to the commercial varieties; a motivation for exploring
the horticultural potential of indigenous vegetables. Further research
should focus on identiﬁcation and quantiﬁcation of the individual phy-
tochemical components in the vegetables, as well as quantiﬁcation of
the average daily dietary intakes of various leafy vegetables for commu-
nities in sub-Saharan Africa.
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Table 3
Antioxidant activity of water and 50% methanolic crude extracts of some unconven-
tional and commercial leafy vegetables assessed using the coupled oxidation of
β-carotene and linoleic acid.
Extraction
solvent
Vegetable Yield of
extract
(%)
ANT (%)1 ORR2 AA603
Water A. dubius 20.0 64.6±2.72c 0.35±0.02c 45.6±8.47b
C. maxima 24.1 52.0±4.57bc 0.47±0.04bc 23.0±6.97ab
C. gynandra 17.0 45.4±8.50b 0.54±0.08b 13.8±9.14a
B. napus cv
English
Giant
28.9 45.9±2.59b 0.54±0.02b 8.8±3.84a
B. napus cv
Covo
31.1 50.9±7.93bc 0.49±0.07bc 16.5±8.69a
50%
methanol
A. dubius 21.4 44.5±1.99b 0.55±0.01b 9.64±5.15a
C. maxima 29.3 35.8±8.54b 0.64±0.08b 23.0±18.77ab
C. gynandra 30.9 36.8±6.54b 0.63±0.06b 2.9±2.99a
B. napus cv
English
Giant
31.9 17.8±0.67a 0.82±0.00a 0.0±0.00a
B. napus
cv Covo
29.6 13.5±7.70a 0.79±0.08a 0.0±0.00a
Positive control (BHT) 92.1±1.69d 0.07±0.01d 97.9±4.20c
Mean values (±SE) with the same letters are not signiﬁcantly different (p≤0.05) as
separated by Duncan Multiple Range Test.
1 ANT (%) — antioxidant activity calculated on the basis of the rate of β-carotene
bleaching at t=30, 60 and 90 min.
2 ORR — oxidation rate ratio. The lower the ratio the more active the extract.
3 AA 60 — % antioxidant activity of a plant extract or control (BHT) at t=60 min.
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